Identifying the sensory systems animals employ to communicate chemically and the function of the chemical signals facilitates further understanding of chemical communication. Increased knowledge of how animals use the olfactory and vomeronasal systems in order to interpret the meaning of body odors will aid in developing a more detailed organization of chemosensory pathways. The message that each body odor contains can change from species to species.
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Olfaction, or smelling, is one of many senses animals use in order to gather information about the environment in which they live. Olfaction involves the olfactory mucosa and/or the vomeronasal (or Jacobson's) organ located in the rostrum (Ladewig and Hart, 1980; Wysocki, 1979 Wysocki, , 1980 Wysocki, , and 1989 Johnston, 1985; and Schaal et al., 1995) . The process of olfaction involves the detection of chemical compounds, or stimuli, through a medium of water or air; the integration of chemical stimuli; and the response. Animals detect chemical stimuli by maneuvering through a gradient in a medium such as water (hydrotaxis) or air (anemotaxis) (Agosta, 1992) . The integration of stimuli occurs in the accessory olfactory bulb and cerebral cortex. Animals respond to two types of olfactory chemical stimuli: pheromones and other body odors.
Pheromones are described as "chemical substances which when released into an animal's surroundings, influence the behavior or development of other individuals of the same species" (Abercrombie et al., 1992) . When the stimulus detected is a pheromone, two types of responses are possible. The response may either be a physiological change, in the case of a primer pheromone, or it may be a behavioral change, in the case of a releaser pheromone. Animals can detect body odors which also provide information to the receiver. These odors are present in urine, feces, glandular secretions, and in the degradation of bodily odors or metabolic byproducts by bacteria (see I • Brown and MacDonald, 1985; Lane-Petter, 1967; Meredith, 1983; Strauss and Ebling, 1970; Tinbergen, 1952; and Whitten, 1983) . The detection and identification of the body odors has many functions in intraspecific chemical communication. These include mating and mate selection, acceleration or suppression of reproductive maturation, individual, and gender recognition, rearing of young, establishment and maintenance or territories (Weinhold and Ingersoll, 1988) , search for nourishment, escape from predators, and status in a social hierarchy. The function of pheromones and body odors varies among the species, but their ultimate function is to aid the animal in individual, gender, and species recognition.
Chemical communication has many functions in animals, particularly in vertebrates. For example, in house mice (Mus musculus) an aggressioneliciting odor present in the urine of males aids in the identification of foreign males (Ropartz, 1966; Archer, 1969; and MacKintosh and Grant, 1966) . Ropartz (1968) 3 Nowell, 1971 b; Crowcroft, 1966; MacKintosh, 1970; and Anderson and Hill, 1965) . In contrast to males, female house mice possess an anti-aggression pheromone (Mugford and Nowell, 197la) . How the preputial glands (or clitoral glands as they are called in females) function in the production of the anti-aggression pheromone is, again, unknown. The production of the pheromone is dependent on the ovaries. Studying the response of house mice to the anogenital odor from both genders may provide information as to whether mice can recognize gender from this particular odor.
An anogenital odor would contain urinary, fecal, and preputial gland odors. If house mice can determine gender from the anogenital odor, then it is possible that they may be able to recognize gender from other odors as well. The current literature on gender recognition for house mice led to the following question: Can house mice recognize the gender of an individual just by its odor, for example, the anogenital odor? Or, can mice recognize gender from another odor like the Harderian gland (an infrequently-studied specialized gland located in the inner comer of the eye that lubricates the eyelid), or from the mouth/nose region? Another possibility is that house mice use a combination of odors in order to recognize gender. Mykytowycz, 1974; and Bronson, 1974) . Odors have several effects on house mouse reproduction. The first is the Whitten effect where a mouse's estrous cycle is modified (Parkes and Bruce, 1961) . The Lee-Boot effect is the increase in pseudopregnancies due to female-female interaction Boot, 1955 and 1956) . Another effect, the Bruce effect, blocks pregnancy in females when exposed to foreign males or their odors (Bruce, 1959) .
Many odors have been found to function in gender recognition. Pfeiffer and Johnston (1994) Therefore, there must be another chemical cue in females that induces androgen surges in males, but the authors did not comment on this. The authors also found that the differential response between individuals in sexual performance was not correlated with changes in the androgen levels which, the authors concluded, suggests that androgen or other similar hormonal response are not graded but are all-or-none. Gudermuth et al. (1992) found ·that female (1978) studied the chemical constituents in red fox urine during the winter.
Winter was chosen for urine collection because that is the red fox's mating season. The compound quinaldine was found only in male urine, but more importantly, many of the constituents found in the red fox's urine were also found in the urine of other species. Therefore, quinaldine functions in gender recognition in red fox, since it is only produced during the mating season of this species. Whitten et al. (1980) induced scent marking in red fox with a synthetic compound. Perhaps other species advertise their ·reproductive receptiveness in the urine or in another substance, for example, in glandular secretions.
Body odors and pheromones, either present in urine, feces or glandular secretions, function in individual recognition in many species. The Beauchamp et al. (1990) study of house mice revealed that the class I Major Histocompatability Complex (MHC) genes gave an individual mouse its unique odor. Therefore, it can be argued that animals have a unique odor which is detected by conspecifics. Other authors have studied the genetics and population dynamics of house mice (e.g., Anderson, 1964; Blair, 1943; Bronson, 1979; Reimer and Petras, 1967; and van Oortmerssen, 1970) . Johnston (1990) and The results showed that males discriminated and rec.ognized individual hindfeet, fur from behind the ears, and fur from the back did not facilitate individual recognition in the hamsters. Johnston and Rasmussen (1984) discovered that male hamsters preferred novel (foreign) females over females with which they were recently sexually sated with (non-novel or familiar).
Consequently, the authors found that the chemical cue males used to discriminate between novel and non-novel females was the flank gland. Rabbits' odors have also been studied for their roles in social chemical communication (Myers and Poole, 1962 recognition. The authors argued that animals used odors to gain space requirements for a home range and territory and that the odors an animal can perceive and produce are correlated with the spatial requirements of the animal (i.e., social status in the group). The Mongolian gerbil (Meriones unguiculatus) (Thiessen et al., 1971) , the house mouse (Anderson and Hill, 1965; and Crowcroft, 1955) , and Norwegian rats (Rattus rattus) (Calhoun, 1961) are also territorial rodents. Johnston and Mueller (1990) determined that scent marking by males in the territorial species the golden hamster is mediated by the olfactory system instead of the vomeronasal system. Johnston (1992) then studied territoriality in female golden hamsters and found that they use the olfactory system to detect scent marks and use both olfact9ry and vomero~asal 9 systems in ultrasonic calling. Yahr (1983) Peromyscus maniculatus, and Rattus norvegicus) have also been shown to use chemical cues to recognize different species (Wuensch, 1992) . However, the response to interspecific odors was minimal. Zimmerling and Sullivan (1994) studied the effect of weasel semiochemical from the anal gland secretion on deer mice (P. maniculatus). The semiochemical was found to have no reproductive effect on deer mice and, hence, no effect on population dynamics.
The authors argued that deer mice have· no behavioral responses to weasel odors. Other authors have studied the population dynamics of rodent species in response to odors of this weasel. Jedrzejewski and Jedrzewska (1989) discovered that weasel odor caused bank voles (Arvicola) to increase their use of space. In particular, juveniles, nonreproductive adults, and reproductively active male voles changed their use of space the most; i.e., they were displaced the most when exposed to weasel odors. The juveniles and nonreproducing females were the only voles that did not abandon their ranges when exposed to I weasel odors.
Many odors have been studied in many, animals for their role in gender, individual, and species recognition, much research focusing on which odors hamsters employ to recognize other hamsters of the same species. However, there is a lack of literature on which odors house mice use to recognize gender.
The purpose of this study was to test whether house mice could recognize the gender of other house mice from the anogenital, Harderian gland, and mouth/nose odors .
MATERIALS AND METHODS
The odors of 23 (9 males and 14 females) pet shop variety house mice were used in this study. Each mouse was housed independently in a plastic wiretopped cage with~ glass water bottle. Mice were fed ad libitum rat lab chow.
Com cob granules and paper towels were used as bedding. Cages were kept in contains saliva and mucus. The three odors were chosen bas.ed on the lack of literature on the role of these odors in house mouse gender recognition.
The experimental design used was an habituation paradigm modified after Lai and Johnston (1994) . The ha}?ituation paradigm, or technique, was used to measure the amount of time a mouse spent sniffing an odor and 'the number of times the odor was sniffed in order to determine if the mice can recognize gender of a conspecific by its odor alone. The habituation technique was chosen to determine whether a mouse could identify the gender of another by smelling its odor because this technique has been used to determine individual recognition. Consequently, it was assumed that the habituation technique can also be used to determine if gender recognition occurs.
Prior to data collection a pair of mice was chosen at random. The pair was of the same sex (male-male or female-female) or the opposite sex (malefemale ). Each pair was placed in a 20 gallon terrarium with clean com cob granules for a 3 0 minute introductory period. During this period of time the mice smelled each other and became familiar with each other's body odors.
Each member of a -pair that spent time with the other became the non-novel or familiar odor-donor for the other mouse of the pair. This non-novel odordonor provided the anogenital, Harderian gland, and mouth/nose odors for the other mouse it was housed with during the introductory period. Therefore, each mouse had its own non~novel odor-donor; i.e., no mouse was used as a non-novel odor donor for more than one mouse per odor. Likewise, the novel or foreign odor came from a mouse (at random) that had no previous contact with the mouse being tested. Ultimately, each of the 23 mice had several roles in this experiment. First, each served as the non-novel (familiar) odor-donor, and later each served as the novel (foreign) odor-donor. Finally, each served as the mouse from which data was collected. All odors were collected from the odor-donors and presented to mice for data collection on clean glass stir rods (23 . . Scm x O.Scm). Non-novel and novel odors were collected by rubbing a clean glass stir rod 10 times against the appropriate area on the mouse. The control was a clean glass stir rod. Glass stir rods were cleaned . with warm tapwater and mild detergent. Rubber gloves were worn by the experimenter to minimize human odors on the glass stir rods. In order to test for gender recognition, the non-novel odor was the same or opposite the sex of the mouse 13 from which data was collected (nnsx=l or 0, respectively). The novel was also the same or opposite the sex of the mouse from which data was collected (nvsx=l or 0, respectively). Differences in the amount of time of the number of sniffs between these variables (nnsx and nvsx) should indicate whether house mice can recognize gender from these odors.
Using the habituation technique, data collection involved four consecutive trials (tr) per odor. Each mouse was tested for its response to all three odors.
Each trial lasted 15 minutes in duration with 5 minutes between trials. (1-4) , the non-novel, novel, and control were always presented on freshly-cleaned glass stir rods with the odor freshly taken from the odor-donor. Two glass stir rods were presented to a mouse in its own cage in all trials ( 
Regardless of the trial
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RESULTS
The results of the statisticru tests (Chi-square, Friedman two-way analysis of variance by rank, t-test, and multiple regression) revealed significance in the amount of time spent sniffing and the number of sniffs. versus the habituated non-novel and the number of times the novel was sniffed (ns3) was significant when the sex of the novel was the same or the opposite the sex of the mouse (nvsx= 1 and nvsx=O). The time spent sniffing the nonnovel (tnn) compared to the control and the odors (1-3) was significant. The amount of time spent sniffing the non-novel (tnn) compared to the control and whether the sex of the non-novel was the same or the opposite the sex of the mouse (nnsx=l and nnsx=O, respectively) was also significant. The difference in the number of sniffs for the non-novel (nsl) compared to the control (ns2) was significant. The difference in the number of sniffs for the non-novel compared to the control was significant for the odors (1-3) . The difference in the number of sniffs for the non-novel (nsl) compared to the control for the trials ( 1-4) and odors ( 1-3) was significant. The difference in the number of sniffs of the non-novel (ns 1) compared to the control (ns2) and the sex of the 16 mouse (sex) was significant. The difference in the number of sniffs of the non-nov~l (nsl) compared to the novel (ns3) for tlie odors (l-3) was s1.gnificant.
The number of sniffs of the control (ns2) compared to the non-novel for the odors (1 & 2) was significant. The number of sniffs of the control compared to the habituated non-novel for the trials (1-4) and odors (1-3) was significant.
The difference in the number of sniffs of the control (ns2) compared to the non-novel and the time spent sniffing the control (ten) was significant for odor 1and3.
DISCUSSION
The majority of mice responded to the anogenital, Harderian gland, and mouth/nose odors when presented with them. They seemed to respond both to the non-novel odor as familiar and the novel as foreign, as well as to the control which was the absence of odor. The sums of the times and the number of sniffs (see Table Ila and IIb, pg. 28) showed that for all three odors, except for the number of sniffs for odor 3, the relationship was tnv>tnn>tcn and ns3>ns l>ns2. The relationship of the novel, non-novel, and control is in agreement with· the assumption that mice habituated to a non-novel odor respond more when presented with a novel that a non-novel odor. This habituation technique agrees with Lai and Johnston (1994) methods.
Therefore, the experimental design did habituate the house mice to a non-novel odor.
In order to evaluate whether gender recognition occurred, results for the statistical significance need to be discussed. The Chi-square test found the response to the tnv and odor 1, 2, and 3 were significantly different from the habituated non-novel response ( showed that the difference in the number of sniffs for the non-novel and novel and the odors 1, 2, and 3 was statistically significant. This demonstrates that the mice responded more to the novel than the non-novel odor. The twosample t-tests revealed a significant difference between the time and number of sniffs of the novel and when the novel sex was the same (p=.027) sex of the mouse doing the sniffing. The two-sample t-test revealed a significant difference between the time and number of sniffs of the novel and when the novel sex was the and opposite (.035) sex of the mouse doing·the sniffing (see Table IV , pg.30) . The analysis of the t-test means of odors 1; 2, and 3 (Table   III, My data show that the habituation paradigm experimental procedure was more --.. ----r ----- ns 1;odors1 &2 l .68*,.048 * = p = :5,. 0 5 ; * * = p = :5,. 01 ; * * * = p = :5,. 001 
